In recent years, with the increase of the resource exploitation, mining depth is getting deeper and deeper. Meanwhile, the lives of mining workers have been threatened strongly. In order to reduce the probability of rockburst, researchers have carried out in-depth research on rockburst. He Manchao, the academician of the State Key Laboratory for GeoMechanics and Deep Underground Engineering, has initially simulated the occurrence of rockburst in the laboratory as well as studied the mechanism of rockburst. Because the amount of data accumulated in the experiment is as large as 1000T, using these valuable experimental data becomes a difficult problem. Therefore, we have introduced big data technology into the field of rockburst. We have designed and realized the automated collaborative analysis system of the rockburst mechanism based on big data. We have used acoustic emission sensors as data collection methods and selected the multi-task online learning algorithm for data processing and analyzing. We have achieved the selection of the inflection point in the process of force changes using Matlab. In addition, the inflection point to be checked in the system can obtain the corresponding part of analysis diagrams. The theoretical analyses and experimental studies show that the automated collaborative analysis system can have an obvious influence on rockburst data processing, which provides a good foundation for the study of the rockburst mechanism.
Introduction

The significance of Rock Burst Research
In general, rockburst is a rock explosion that occurs during the mining process, concretely explained as a sudden violent release of the elastic deformation potential energy accumulated in the rock mass, resulting in the rockburst and ejection. Rockbursts can happen suddenly or last for days to months. A rockburst accident occurred in the Leipzig coal mine in the 1730s and was the earliest rockburst ever recorded in the world [7] . Since then, this phenomenon has attracted people's attention. With the development of human society, the demand for resources is greatly increased, the depth of mining is increasing, and the occurrence of rock explosion accidents is more and more frequent.
As a worldwide geological hazard, rockburst greatly endangers the safety of construction workers. Reducing this phenomenon is one of our research goals.
Research Status
In the research of rockburst, Jiangxi Polytechnic University and Shanghai Pengxu Information Technology Company used a tungsten mine as the engineering background. It is significant for the actual production to establish a grey catastrophe prediction model for rockburst [6] . In 2017, W. H. Zhu et al. performed a large-scale rock burst model test under different stress gradients by using a self-developed gas-liquid composite rock burst model test device [14] . A new method for recording the stress state changes of submicron particles formed on the surface of the specimen under uniaxial compression is proposed by K. N. Trubetskoy et al. [10] A. Manouchehrian and M. Cai analyzed the rockburst of tunnels under static and dynamic loads [1] . B. G. He and R. Zelig studied rockburst in discontinuous rock masses using theoretical and numerical methods [5] .
With the increasing attention to the field of rockburst, further improvement of experimental research on rockburst has produced more and more experimental data. The data volume has increased from GB level to TB and PB level. This large amount of data will be very difficult to solve using traditional technologies; therefore, we introduce big data technology into the field of rock burst.
Big Data Technology
In June 2015, President Xi emphasized the big data acquisition and application in China when he visited the Big Data Application Exhibition Center in Guizhou. There is no doubt that big data has a growing impact on the development of human society. With the fourth World Internet Conference held in Wuzhen, President Xi also proposed to promote the development of big data in his congratulatory letter [11] .
Big data research mainly involves the collection, analysis, storage, management and security and privacy protection. H. Guo, J. Liu, and L. Zhao proposed the technology of the large optical wireless data acquisition problem to enhance the smart grid fault [4] . Y. Fu et al. performed a big data analysis of the anti-APT attack defense system framework and intelligent feedback system security testing framework [3] . K. Raichura and N. Padhariya proposed a BigCache architecture in mobile network data management [9] . A.S. Panah, R.V. Schyndel, and T. Sellis proposed asynchronous convergence watermark technology for big data end-to-end protection [8] . There are many researchers carrying out relevant research in the field of big data.
To provide good data for the development of the environment at the national and social levels, we have to make big data service in our production and life. Early big data technology is mainly used in commercial, financial, and other fields. It has gradually extended to medical, transportation, energy, and other fields. Through the automated collaborative analysis system of the rockburst mechanism based on big data, we will introduce the observation and prevention in rockburst.
Architecture
In order to make big data technology serve this research best, we designed and implemented the automated collaborative analysis system of the rockburst mechanism based on big data. The architecture of the collaborative analysis system is mainly composed of five parts: big data acquisition, big data storage, information service, on-line analysis, and visualization, as shown in Figure 1 . 
Big Data Acquisition Subsystem
In the big data acquisition module, when we collect rockburst data, we use the technology of acoustic emission, which can be applied to many engineering fields, such as coal mining, pipeline system testing, railway system testing, and aviation maintenance [2, 13, 15] . Since Obert and Duvall discovered the phenomenon of acoustic emission in rocks in the 1930s, acoustic emission technology has been widely applied to monitor the characteristics of acoustic emission in rocks. This is shown in Figure 2 . Granite is used as an experimental sample. Through the process of exerting different stresses and removing stresses, the waveform of the rock is transmitted to the amplifier through the sensor, and then it is processed by the signal processing device to form the map of the intrinsic spectrum of granite. Acoustic emission detection requires the conversion of acoustic emission signals into electrical signals through sensors. Here, we choose a professional acoustic emission sensor, such as in Figure 3 .
The data acquisition part collects ten sets of experimental data from granite. Here, we select five groups of experimental results for reference. 
Big Data Storage Subsystem
After data acquisition, we first need to do a lossless compression of raw data. We need to ensure that data is not lost in the compressed storage process. At the same time, we need to try to reduce the amount of data occupied by the data. Data storage is detailed in the article of our research group members.
Information Query Subsystem
After the experimental data is uploaded to the system, we can also query all the uploaded data. We can query according to the time sequence of upload, the author's name, and the file size. The system calls the metadata to the query module through the user's request. The specific query method is no longer described here.
System Implementation and Experimental Analysis
System Realization Effect
The system of the first TXT 61# experiment analysis results are shown separately in Figure 4 , respectively, ⑴ The timedomain waveform; (2) 2-D spectrum; (3) The contour map; (4) The 3D graph. 
On-line Analysis and Visualization
For real-time transmission of experimental data, in order to maintain its storage and analysis at the same time, we use the technology of online analysis. The online learning method adopts the model of direct data flow processing, which can effectively balance the real-time and accuracy and is suitable for the training of large flow data. In our system, the multitask online learning algorithm is used, and the pseudocode of the algorithm is described as follows [12] : In order to analyze the inflection point characteristics of the experimental data, we analyzed the data characteristics according to the multitask online learning algorithm, and the structure is shown in Figure 9 . 
Visualization of Analysis
The automated collaborative analysis system of the rockburst mechanism based on big data can make a linkage analysis of inflection points, as shown in Figure 10 , specifically: a stress map, time domain waveform, frequency spectrum, and energy diagram. When looking at the local analysis diagram at 71.2 min, just enter the time value 71.2 you want to view into the box on the right and click on "view" to make a linkage with the big data analysis local diagram. It is convenient for us to view the time-domain waveform, frequency spectrum, time-frequency diagram, and 3D diagram of the inflection point on the stress diagram so that the rockburst characteristics of granite can be better analyzed.
Conclusions
Through the automated collaborative analysis system of the rockburst mechanism based on big data, we can deal with rockburst experimental data more efficiently. In addition to analyzing each txt separately in the experiment, this approach also analyzes the whole experiment process. At the same time, according to the parameter files and global diagrams, we can see the corresponding large-scale data analysis under stress time, diagram, which is impossible. At present, big data technology and online learning algorithms have been incorporated into the system. Our next goal is to make further analyses and apply time series analysis to dynamic data processing. In order to achieve better results on this basis, we must complete a more comprehensive study.
